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ABSTRACT 

Crurtal Evolution Education Project (CE'EP) modules 
w.ere designed to: (1) provide students with the methods and results 
of continuing investigations into the composition, history, and 
processes of the earth's crust and the application of this knowledge 
to man ' s act ivities and (2) to be used by teachers with little or no 
previous batkground^n the modern theories of sea-floor spreading, 
continental drift, and plate tectonics. Each module consists of two 
booklets: a teacher's guide and student investigation* The teacher's 
guide cpntairis all of the information present in the student 
investigation booklet as well .as: (D'a general introduction; (2)^ 
prferequisite student background; (3) objectives; (4) list of required 
materials; (5) background information; (6) suggested approach; (7) 
procedure, recommending two-three 45-minute class periods; (8) 
summary questions (with answers); (9) extension activities; and (10) 
list of references. In this, module students draw a profile of the sea 
floor using bathymetric data, identify which topographic elements are 
similar on many bathymetric profiles across' a portion of the North 
Atlantic-s^a floor, describe relationship^ between sea-floor 
topography^and Earthquake epicenter locations, compare/contrast 
bathymetric profile features on a map, and compare distribution of 
earthquake epicenters on bathymetric profiles with those s^ah on a 
World Seismocity Map. (Author/JN) 
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NAGT Crustal Evolution 

Edward G. Stoever, Jr., 

Welcome to. the exciting world of current research 
into the composition history and processes of the 
eartn s crust and the application of this knowledge 
to man s activities The earth sciences are 
currently experiencing a dramatic revolution in 
our .nderstanding of the way in which the earth 
m^s CEEP modules 3re designed to bring into 
t r " classroom the methods and results of these 
C'_- * njing investigations The Crustal Evolution 

nation Project oegan work in 1974 under 
t h - ajspices of the National Association of ' 
G^o^ogv Teachers CEEP materials have been 
.developed by teams of science educators 
cass'oom teachers and scientists Prior to 
cnlscafon the materials were field tested by 
m-,r* th^n 200 teachers and over 12 000 students 
Q ."e n : C'js^al evo'ution research is a breaking 
s'or/ t^a* st^ents a r e living through today 



Education Project 

Project Director 

Teachers and students alike have a unique 
opportunity through CEEP modules to share in the 
unfolding of these educationally important and 
exciting advances CEEP modules are designed 
to provide students with appealing firsthand 
investigative experiences with concepts which are 
at or close to the frontiers of scientific inquiry into 
Dlate tectonics Furthermore the CEEP modules 
are designed to be used by teachers with little or 
no previous background in the* modern theories 
of sea-floor spreading continental drift and plate 
tectonics 

We know that you will enjoy using CEEP 
modules m your classroom Read on and be 
prepared to experience a renewed enthusiasm for 
teaching as you learn more about the living earth 
m this and other CEEP modules 



About CEEP Modules... 

Mos r CEEp ^oduies consist of two booklets a - 
Teachers Gu>de ana a Student Investigafion The 
" r eac n e r s Guide contains all the information 
and ^lustrations »n tne Student Investigation 
rH iS secies Drifted in color intended only for the 
teacner'as <ve ! : as answers to the questions that 
a^ mcuded n t h e Student investigation 
l n some^moduies there are illustrations that 
aooear on\y m the Teachers Guide and these are 
d^s-gnated'O/ figure letters instead of the numoer 
sequence used in tne Stuaent Investigation 

Ror some ^orj u ies maps rulers and other 
common classroom materials are needed, and in 



✓ ar/mg quantities according to the method of 
presentation Read over the module before 
scheduling its use in class a n d refer to the list of 
MATERIALS in tne module 

Eacn module is individual an'd # self-contained in 
c j n tent but some are divided mtc) two or more 
parts for convenience The recommended lengtrf 
of time jor each module is indicated Some modules 
require prerequisite knowledge of some aspects 
of basic earth science this is noted in the 
Teacher s Guide 



The material was prepared with the 
support of National Science Foundation 
Grant Nos SED 75-20151 SED 77-08539 
and SEO 75-25104 However any opinions 
findings conclusions or recommendations 
expressed herem are those of the author(s) 
'and, do not n'ecessanf/ reflect the views 
of NSF' 

In order to comply v/ith U S Public Law 
94->86 every school district in the U S A 
^jsmg these *mate/»ais agrees to make 
'them available »for inspection by parents or 
guardians qf children engaged in 
educational programs £>r projects of the 
school distrjct * 
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INTRODUCTION 

An oceanographic research^essel obtains-water 
depth information continuously aslhe ship criss- 
crosses an area The depths to the ocean 
bottom are obtained and recorded by a precision 
depth recorder, which is an advanced (brm^of 
SONAR. Sound waves are sent away from the 
hull of the ship, hit an object, are reflected 
back and recorded. The time to reach the object 
and return is converted into distance or depth* . 
The plotting machine of the echo spunder 
produces a bathymetric profile. Bathymetry is the 
measurement of ocean water depth A bathymetric 
profile shows the shape of the ocean floor 
beneath the track line of the ship as well as tfre 
depth to each point on the profile, 

What does ar> individual profile of the sea floor 
look like 9 How can a series of profiles be 
fitted together to give a limited three-dimensional 
picture of a small part of the sea ffoor 9 What 
relationship is there between sea-floor features 
and locations of oceanic earthquakes? v 

PREREQUISITE STUDENT BACKGROUND 

The students should be familiar with latitude 
and longitude. They should* also be familiar with A 
the principle of |5¥ecision depth recording 
(echo sounding). In addition, they should have 
been given instruction irvhow to construct a 
bathymetric profile from track line data. They 
should be Informed of only the general nature of 
ocean basin topography, such as the existence 
of the continental shelf, slope, and rise; abyssal 
plain, and the nrid-oce*an mountain range. 
Because students will discover the rift valley In 
the mid-Atlantic mountain range, be sure not 
to discuss the details of mid-ocean mountain 
topography prior to use of this module. 

OBJECTIVES 

After you have completed this activity, you should 
be able to. . - 

1. Draw a profile of the sea floor ysing ' 
bathymetric data. 

2. identify which topographic elements are 
similar on ipany s bathymetric profiles across 
a portion of the se v a floor in the North Atlantic, 
Ocean. 
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3. Describe the relationship between sea-floor 
topography and earthquake epicenter lodaticms 
in a part of the North Atlantic Ocean. ' 

4. Compare^anci contrast the features of,the 
bathymetric profiles with those shown or^-the 
NatiooarGeographic Society fjap, Atlantic 
OcecW' Flo'or. „ \ 

5. Compare the distnbution of earthquake , 
epicenters on the bathymetric profiles with those 
seen on the World Seismiqity Map. 
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MATERIALS 

• For the class: 

Atlantic Ocean Floor map, National Geographic 
Society, Educational Services, Department 79 $ 
Washington, D.C. 20036. ' 
World Selsmlclty Map, U.S. Geofogicaf Survey, 
1200 S. Eads Street, Arlington, VA 22202. 

For each student: s 
Pencil with eraser , 
Graph paper, heavier lines every tenth line 
Scissors 

15 cm ruler or straight edge 

Red marking pen 

Construction paper, 2 ok 3 sheets 

Liquid glue, or tape with adhesive on both sides 

Cellophane (or masking) tape 

Small wooden blocks (optional) 

BACKGROUND INFORMATION 

The data given on the track line chart 
(Worksheet) were obtained by the Research - 
Vessel Vema, from continuous echo-soiinding 
along track lines roughly at right anples to 
the mid-ocean ridge. The depths given on the 
track chart have been selected to give the students 
representative depth points with which to draw 
a b^thymetric profile. Many of the points are 
as much as 4 km apart, and therefore, the chart 
does not show all of the topographic details 
known to oceanographers. I 

These are the only reliable track line data that 
R.V. Vema has obtained of areas at right 
angles to the trend of the micf-ocean ridge over 
the last decade or so. The topography between the 
track lines is largely uncharted. However, track 
lines from other research ships confirm the 
overall pattern of topography revfealed by the 
Vema soundings. 

The track lines are not at exakt right angles to 
the mid-ocean ridge line. Some df the deeper 
depressions that the students may detect 
on the sides of the profile could be caused by 
fracture zones which would be generally parallel 
t^ihe track lines. But additional data would be 
needed to locate the fracture zones. Therefore, 
a discussion of fracture zones might follow 
student completion of profile 1-1 as described 
In EXTENSION 1.. 



The relief of the study area Is caused by volcanic 
tectonic (earth-building) and sedimentary 
processes. The mid-ocean ridge Is made up largely 
of underwater central volcanoes (seamounts) 
j^hlch rise to within 1700 m of the sea surface 
in this area. The volcanoes are bulit from 
basaltic lava which oozes out into the water 
through cracks in the sea floor. Because it 
is chilled swiftly, the lava forms pillow structures 
made of fine-grained basaltic rock. 

The ridge has a central valley along Its length, 

the base of which is about 2000 m below 

the adjacent lines of seamounts. The valfey In the 

study area, which is up to 20 km wide, Is formed 

by the relative downsHding of a linear strip 

of oceanic llthosphere. Such valleys are 

usually called rift valleys. 

In Icelarid, where this valley can be observed 
on land, the counties^ open fissures testify to the 
stretching of the earth's crust at right/angles 
to the ridge and rift valley. This confirms the 
sea-floor spreading hypothesis, which assumes 
that the ocean is widening at right angles to its 
midline. The fissures are often filled with 
upwelling magma, and sheet-like masses (dikes) 
of medium-grafned basic rock (dolerlte) are * 
emplaced. The fissures also feed central] volcanoes. 
At the margins i\ the mid-ocean ridge, -hundreds 
of kllqmeters from the midline, the topography • 
Is diminished somewhat by the deposition of 
fine-grained deep sea sediments In the areas 
between the seamounts. The lessening of the 
original relief by sedimentation has little 
effect In the study area because the rocks are so 
young that sediment has had little time to 
accumulate. 

/ 
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The positions of the earthquakes plotted on 
the chart (Worksheet) represent all the data 
available In this area for the period 1966-76. In . 
some cases the presence of an earthquake was * 
determined after examining records of earthquake 
shocks received by over 100 selsrriologlcal stations 
scattered through all parts of the world. Since 
about/1966, the location of an earthquake can be 
determined tf/lthln one tenth of a degree of 
latitude (roughly 10l<m) or less. After<he students 
have plotted their profiles, they will be able 
to see a close relationship between the positions 
of the earthquake epicenters and the central 
rift valley or Its margins'. Their presence Indicates 
that active earth movements, associated both 
with volcanlsm and the stretching of the earth's 
crust, are taking place along this zone. A few 
of the earthquakes Me away from the mid- . 
ocean line. These are probably associated with 
fracture zones trending at Hght angles to the 
mid-ocean ridge line. 
* 

SUGGESTED APPROACH 
During the first few minutes of class, review the 
fundamentals of latltude\and longitude. Describe 
the actlon\pf SONAR, and how these data 
are collected. Mention that the sea Is one of 4 
the last "reachable" frontiers, just beginning to 
be explored. «« 

The students should be told that the Worksheet 
has track lines,. of "paths" the^shlps followed 
in crossing the ocean. The numbets which appear 
along the track line are depths beldw sea level. 
In meters, to the ocean floor. 

Do not give away the thrust of the activity by 
discussing or illustrating the lines of ^amounts 
on either side of the rift valley £t the cVest of 
the Mld-Atlantlc Ridge, or the fracture zones, 
at right. angles to the ridge crest, which may be 
present In the study area. ^ 

Assign seven students to.each team. Individuals 
' within tearn'will construct one or more 
bathymetrlc profiles numbered 2-2 through 
10-10. Fori purpose's, of efficiency assign one 
sludent to'each of [he profiles numbered 2-2 
Jhrough 6-6. Asslgp onestUdent to construct pro- 
files 7-7 and 8-8 and one student fo construct 
" profiles 9-9 and 10-10. Profile 1-1 reveals a 
phenomenon npt present In* the other profiles; 
It Is treated In the EXTENSIONS section. 



The age of the seamount volcanoes generally 
Increases In direct proportion to their distance 
* frorirthe mid-ocean rldg? line. The oldest volcanic 
rocks, lying beneath sedlmentS near the margins 
of the North Atlantic, are at least of Cretaceous 
age.' Therefore, the underlying volcaplc rocks 
musi be this same age or older. 

In general, the elevated relief along the 
mld-ocfean ridge was caused by the heating 
and expansion of the columns of rock lying 
beneath the ridge. As the ridge area Is augmented 
by volcanic extrusions and dikes, and as It widens 
and moves laterally, the ocean widens from 
Its midline outwards. As the rocks move laterally, 
they cool and contract and there Is a progressive 
(exponential) decrease In height towafds the 
margins. 




If one team has less than seven students, profiles 
6-6, 8-8 or 9-9 can be dropped from the group 
task. 

One track-line chart (Worksheet) should be 
designated as the team chart on which the 
completed bathymetrlc profiles will be assembled. 

j / 

If conditions allpw, you mlghj make a bathy- 
metrlc profile construction and assembly Into 
a game situation in which the fastest and most 
accurate team receives additional praise or 
an award. 

Assigning the students to plot their bathymetrlc 
profiles at home Is well worth considering. 
They could work through PROCEDURE stepfer 
10-12 as homework. 
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PROCEDURE 

. In this activity, each student constructs a 
bathymetric profile from data recorded on a track 
chart. The profiles are then assembled on tfie chart 
' to allow each team of students to "view" and 
Interpret the ocean floor topography. 
Key words: SONAR, bathymetric profile, 
bathymetry 

Time required: two to three 45-minute periods 

Materials, graph paper, pencil, scissors, ruler, 
red marking pen, liquid glue or tape with 
adhesive on both sides, construction paper, and 
I wood blocks (optional) 

1. To prepare a depth scale for the bathymetric 
profile, start by writing the number, "1000 m"-, 
at several places along the" top, ruled' line 

of your graph paper 

2. On the next thick, ruled line write the number, 
"2000 m'\ at several places along the line 

3; In the same way label 3000, 4000 and 5000 m 
on the third, fourth, and fifth thick, ruled 
lines on the graph paper 

4. Cut the graph paper along the 1000 m and 
5000 m depth lines. 

5. Pp/sition the 1000 m line of the graph paper 
along the track line on the Worksheet assigned 
by your teacher. If you have been assigned track 
line 2-2, 3-3, 4-4 or 5-5, start your profile 

at the right en$ of the track line. As you mova 
to the left, stop the profile plot at the left edgd 
of your graph paper. / ^ * 



6. Based on your previous practice in plotting 
bathymetric profiles, transfer the depth informa- 
tion from your track line to th!e strip of grapji 
paper. » ■ > 

7. Draw the bathymetric profile by connecting 
the data in* sequence from the first point, to 

the second, to the third, and so on. Use a pencil 
and ruler for connecting the data poinfe. 

8. Earthquake'epicenters ar| shown on the 
Worksheet by large, five-pointed stars. Find any 
earthquake epicenters that he directly on your 
track l|ne. Use a marking pen to rfiake a large 
dot on the bathymetric profile at the position 

of an earthquake epicenter. t 

9. Find any earthquake epicenters that lie nearer 
your track hnelhan to the track lines to the north 
or south. Draw a line on the Worksheet, at 
about right angles to your track line, through 
one of the nearby earthquake epicenters. As „• 
before, make a large dot on the bathymetric profile 
at the place where this earthquake epicenter 

line hits your track' line 

Repeat the procedure for each earthquake / 
epicenter near your track line 
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10. (Jse liquid glue, or tape with adhesive on both 
sides, to attach the graph paper strip to a similar 
size strip of construction paper. 

11. Use scissors to cut along the bathymetric 
iprofile line. Cut off any excels paper along the 
5000 m line and the ends of the profile line. 

In the space below, write a sentence or two that 
describes \he bathymqtric profile cut-out. 
The sea floor shows an irregular series of narrow 
peaks and valleys. See Answer Sheet. 



- 12. Cut two small right triangles, aboiit 3 cm 
on each side, from the excess construction paper * 
Tape one to each side of the profile cut-out 
so it can stand up. See Figure 1. ' 
If small blocks of wood.are available, the students 
can fasten these to the bottoms of their profiles 
With thumb tacks in such a way that they 
will stand up. 

13. Place your profile cut-out in its proper 
position along the Worksheet b§ing used for your 
student team. Follow the teacher's instructions 
or> what to do until all profile cut-outs have 
been placed on the Worksheet. S§e Figure 1.« 




14, Bend down so that your sight line is just 
above the profile cut-outs as you look across them. 
Profile cut-out 2-2 should be closest to you and 
profile cut-o&t 10-1 (^farthest away. 

By moving your head up and down or side to side, 
try to locate similar mountains orvalleys that 
appear at roughly the sam^position on three 
or more profiles. 

15, Study the map, Atlantic Ocean Floor. Locate 
the latitude and longitude of your study area. 
What is the name of the topographic feature 
shown by your profiles? 

Mid-Atiantlc Ridge s 

16, How does the topography sbowH on the map 
compare with the topography snbwn by your 
profiles? 

The profiles show a deep valley slirrounded 
by seamounts on either side. Themap shows 
that this topography is found along the entire 
length of the Mid-Atlantic Ridge. 

SUMMARY QUESTIONS ^j^^^^m^ 

1. Describe the l^pds of topography found in the 
middle of the North Atlantic Ocean 

Seamounts^jTarrow valleys and a rift valley 
are found along the midline of the Mld-Atlantlc 
Ridge. See Answer Sheet. 
,2. Describe the topography (question 1) tracing 
from west to east across the Mid-Atlantic 
Ridge \ 

From west to east, seamounts rise In elevation 
toward the midline of the Mid-Atlantic Ridge. 
A deep depression is formed by the rift valley. 
Tall seamounts flank the rift valley on the 
east and decrease in height away from the center- 
line of the Mid-Atlantic Ridge. 
3, What is the relationship between earthquake 
epicenter locations and the topography of the 
middle North Atlantic Ocean? < 

The epicenters generally lie In or near the rift 
valley In the middle of the North Atlantic Ocean. 



17. Locate the study area on the World Seismicity 
Map. By comparing this map with the map, 
Atlanifc Ocean Floor, determine the general • 
relationship between the location of earthquake 
epicenters and §ea-floor topography. Write a 
sentence in the spac£ below which describes this 
relationship. \* 

Earthquake epicenters a^e closely related to the 
presence of the deep central valley and nearby 
seamounts. 

18. Study the depth of earthquake foci (origin 
points) on the World Seispifbity Map. At what 
depth zone are earthquake foci found in the 
study area and along the entire mid-ocean 
ridge system? 

0-70 km ' * 
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BATHYMETRIC PLOTTING CHART OF A PORTION OF THE NORTH ATLANTIC OCEAN 

"X 

Courtesy of Dr Bruce C Heezen and Dr Anthony B Watts, Lamont-Doherty Geological Observatory, Columbia Univ 
Diagram prepared under the direction of Dr Warren £ Yasso for the Crustal Evolution Education Project, N A G T 

Printed with permission by Ward's Natural Science Establishment, Inc , Rochester. N Y. 
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1. The first student who finishes the bathymetric 
cut-out can be assigned to prepare the cut-out for 
track line 1-1. When placed on the track line 
chart, the cut-out will reveal a poorly defined 
central valley and this valtey appears In a more 
westerly position. The shift In position may 
be related to a fracture zone lying between 
profiles 1-1 and 2-2. Students may need to 
Investigate fracture zones and transform faults 
before they can understand the significance 
of such phenomena in the trend line of the 
mid-ocean ridge. The fracture zones appear cl^arly^ 
on the map. 

Construct a profile cut-out for track line 1-1. 
^How does the pattern of topography on this 
profile compare with the other profiles 7 
If there are any differences, try to explain them 
from further study of the map, Atlantic Ocean 
Floor. 
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2. In this EXTENSION students are asked to 
express their literary or artistic feelings about the 
underwater landscape of this area, which has 
many times the relief and grandeur of the 
Grand Canyon. 

Write a paragraph, or poem, or sketch a picture 
in your booklet that tells or shows what it might 
be like to stand on top of the highesynountain or 
the deepest valley shown on your profiles. For 
comparison, you might want to read how John 
Wesley Powell felt about looking up from 
the floor of the Colorado River valley in the Grand 
Canyon. Powell was the first scientist to organize 
a geological exploration of the Qrand Canyon 
region, 

Powell described the experience in these words; 
"We are three-quarters of a mile in the depths 
of the earth and the great river shrinks into 
insignificance, as it dashes its angry waves 
against the walls and cliffs, that rise to 
the world above; they are but puny ripples, and 
we but pigmies.-running up and down the 
sands, or lost among the boulders. 
"We have an unknown distance yet to run, 
an unknown river yet to explore. What falls 
there are, we know not; what rocks beset 
the channels, we know not, what walls rise 
over the river, we know not." 
- From John Wesley Powell's exploration of the 
Colorado River, U.S Geological Survey. 
INF 74-19 



/ 




13 



REFERENCE^ 

. Brandwein, P.F., and' others.1975, Matter; an earth 
science i3{6 ed.). ftew York, Harcourt Brace 
Jovanovich. 
Hee2en, B,C.,J96Q, Submarine topography. 

McGraw Hill Encyclopedia of Science and 
t Technology, p. 216-223. 
Heezen, B.C.,'1960, The rift in the ocean floor. 

^Scientific American, v. 203, no. 4 (Oct.), 
t p. 98-110. 



Heezen, B.C., Tharp, M. and Ewing, M., 1959, - . 

The floors of the ocean. 1. The North Atlantic. 
' The Geological Society of America special 

paper 65, 122 p. 
Heirtzler, J.R. and Bryan, W.B., 1975, The floor 

of the Mid-Atlantic Rift. Scientific American, 

v. 233, no. 2 (Aug.), p. 78-90. 



s 

* 



ERIC 



13 



r 



\ 



r. 



NAGT Crustal Evolution 
Educatior^Project Modules 

CEEP Modules are listed here in alphabetical 
order Each Module is designed for use in 
the number of class periods indicated, For 
suggested sequences of CEEP Modules to 
cover specific topics and for correlation 
of CEEP Modules to standard earth science 
texfrbooks, consult Ward's descriptive 
literature on CEEP The Catalog Numbers 
sho^n here refer to the CLASS PACK 
of e^ch Module consisting of a Teacher's 
Guide and 30 copies of the Student 
Investigation See Ward's descriptive 
literature for alternate order quantities 
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Student Investigation 

Catalog No 34W1123 

PlotfingVhQ Shape 
Of The Ocean Floor 



DATE 



INTRODUCTION ^^^^^t^^^^^s^^m^^^^^^^^^ 

An oceanographic research vessel obtains water 
depth information continuously as the ship criss- 
crosses an area The depths to the ocean 
bottom* are obtained and recorded by a precision 
depth recorder, which is an advanced form of 
SONAR. Soundwaves are sent away from the 
hull of the ship, hit an object, are reflected 
back and recorded The time to reach the object 
and return.ls converted into distance or depth 
The plotting machine of the echo sounder 
pr jdjces a bathymetric profile. Bathymetry is the 
.measurement of ocean water depth A bathymetric 
profile shows the shape of the ocean floor 
beneath the track line of the ship as well as the 
depth to each point on the profile 

What does an individual profile of the sea floor 
look like 0 How can a series of profiles be 
fitted together to give a limited three-dimensional 
picture of a small part of the sea floor 9 What 
•relationship is there between sea-floor features 
and locations of oceanic earthquakes 9 




OBJECTIVES 

After you have completed this^activity, you should 
be able to 

1. Draw a profile of the sea floor using 
bathymetric data 

2. Identify which topographic elements are 
similar on many bathymetric profiles across 

a portion of the se? floor in the North Atlantic 
Ocean 



3. Describe the relationship between sea-floor 
topography and earthquake epicenter locations 
in a part of the North Atlantic Ocean. 

4. Compare and contrast the features of the 
bathymetric profiles with those shown on the 
National Geographic Society map, Atlantic 
Ocean Floor. 

5. Compare the distribution of earthquake 
epicenters on the bathymetric profiles with -those 
seen on the World Seismictty Map. 
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PROCEDURE 

Materials, graph paper, pencil, scissors, ruler, 
red marking pen, liquid glue or tape with 
adhesive on both^sides, construction paper, and 
wood blocks (optional) 

« 

1. To prepare a depth scale for the bathymetric 
profile, start by writing the number, "1000 m", 
at several places along the top, ruled line 
of your graph paper * 

( 2. On the next thick, ruled line write the number, 
"2000 m". at several places along the line 

3. In the same way label 3000, 4000 and 5000 m 
on the third, fourth, and fifth thick, ruled 
lines on the graph paper 

4. Cut the graph paper along the 1000 m and' 
5000 m depth lines 

5. Position the 1000 nr^ line of the graph papeV 
along the track li^e on the Worksheet assigned 
by your teacher If you have been assigned track 
line 2-2, 3-3. 4-4 or 5-5, start your profile 
at the right end of the track line. As you mbve 4 
to the left, stop the profile plot at the left edge 
of your graph paper, 

6. Based on your previous practice m plotting 
bathymetric profiles, transfer the depth informa- 
tion from your track line to the strip of graph 
paper 

7. Draw the bathymetriq^profile by connecting 
tt^data in sequence from the tirst point, to 
the second, to the third, and so on Use a pencil 
and ruler for connecting the data points 

8. Earthquake epicenters are shown on the 
Worksheet by large, five-pointed stars. Find any 
earthquake epicenters thaf lie directly on your 
track line. Use a marking pen to make a large 
dot on the bathymetric profile at the position 

* of an earthquake epicenter. 

9. Find any earthquake epicenters that he nearer 
your track line than to the track lines to the north 
or south. Draw. a line on the Worksheet, at 
aboutright angles to your track line, through 
one of the nearby earthquake epicenters. As 
before, make a large dot on the bathymetric profile 
at the place where this earthquake epicenter 
line hits your track line 

Repeat the procedure for each earthquake 
epicenter near your track line. 

10. Use liquid glue, or tape with adhesive on both 
sides, to attach the graph paper strip to a similar 
sjze strip of construction paper. 



11. Use scissors to cut%long the bathymetric 
profile line. Cut off any -excess paper along the 
5000 m line and the ends of the profile line 
|n the space below, write a sentence or two that 
describes the bathymetric profile cut-out 



12. Cut two small right triangles, about 3 cm t 
Qn each side, from the excess construction paper 
Tape one tOveach side of the profile cut-put 
so it can stand up. See Figure 1 • 

13. 1 Place your profile cut-out in its proper 
position along the Worksheet being used fey your 
student team Follow, the teacher's instructions 
on what to do until all profile cut-outs have 
been placed on the Worksheet See Figure 1 

14. Bend down so that your sight hrie is just 
above the profile cut-outs as you look across them 
Profile cut-out 2-2 should be closest to you and 
profile cut-out 10-10 farthest away- 

By moving your head up and down jor side to side, 
tj/y to locate similar mogrltains or valleys that 
appear at roughly the same position on three ; 
or more profiles 

15. Study the map, Atlantic Ohean Floor. Locate 
the latitude and longitude of your study area 
What is the name of the topographic feature* 
shown by your profiles 9 



16. How does the topography shown on the map 
compare with the topography shown by your 
profiles 9 
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BATHYMETRIC'PLOTTING CHART OF A PORTION OF THE NORTH ATLANTIC OCEAN 

Courtesy of Dr Bruce C Heezen'and Dr Anthony B Watts, Lamont-Doherty Geological Observatory, Columbia Univ 
Diagram prepared under the direction of Dr. Warren E Yasso for the Crustal EvMution Education Project, N A G T 

Printed with permission by Ward's Natural $cience*tkstablishment. Inc., Rochester, NY 
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Track lines with water depths in corrected meters 



•fa Eartjjqoake epicenters 
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S^ksheet 



17. Locate the study area on the, World Seismictty 
Map, By comparing this map with the map, 
Atlantic Ocean Floor, determine the general 
relationship between the location of earthquake 
epicenters and sea-floor topography. Write a 
sentence'in the space below which describes this 
relationship 



18. Study the depth of earthquake foci (origin 
points) on the* World Setsmictty Map. At what 
depth zone are earthquake foci found in the 
study area and along the entire mid-ocean 
ridge system? 



SUMMARY QUESTIONS ^ --^e-^^ 

1. Describe the kinds of topography found in the 
middle of the North Atlantic Ocean / 



2. Describe the topography (question 1) tracing 
from west 'to'east across the Mid-Atlantic 
Ridge • , 




CD ^ r ^igure 1. Diagram showing p'rofiles in upright position. 
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3. Wh^t is the reiatipnship between earthquake 
epifcgnter locations and the topography of the 
middle North Atlantic Ocean'? 



EXTENSIONS 

1. Construct a prbfile cut-oufcfar track line 1-1 
How does the pattern of topography on this 
profile compare with the other profiles? 

If there are any differences, try to explain them 
from further study of the map, Atlantic Ocean 
Floor t * > 

2. Write a paragVaph, or poem, or sketch a picture 
in your booklet that tells or shows what it might « 
belike to stand on top of the highest mountain of 
the deepest valley shown on your profiles For 
compafison, you might want to read how John ' 
Wesley Powell felt abo\j{ looking up from 

the floor of the Colorado River valley in the Grand 
Canyon Powell "was the first scientist. to organize 
a geologicallexploration of the Grand Canyon 
region 

REFERENCES ^ & . 

^Brandwem, P F , and others, 1975, Matter, an earth 
science f (3rd ed ) New York, Harcourt Brace 
' Jovanovicb> * 

Heezen, B C , *1960, Submarine topography 
McGraw Hill Encyclopedia of Science and 
Technology, p 21£-223 



Powell described the experience in these words 
We are three-quarters of a mile in the depths 
of the earth and the great river shrinks into 
Tnsignificance, as it dashes its ahgry waves 
against the walls and cliffs, that rise to A 
the world above, the/ are but puny ripples, and 
we but pigmies, running up and down the 
sands, or lost among the boulders. 
"We have an unknown distance yet to run, 
an unknown river yet to explore Whalf falls' 
there are, we know not, what rocks beset 
the channels, we know not, what walls rise 
over the river, we know not " 

From John Wesley Powell's exploration of the 
Colorado River, U S Geological Survey. 
INF 74-19 

Heezen, B C , 1960, The rift in the ocean floor 
. Scientific American, v 203, no. 4 (Oct ), 
p 98-110. 

Heirtzler, J R and Bryan, W B.. 1975, The floor v 
'of the fdid-Atlantic Rift. Scientific American, 
v 233, no 2 (Aug ), p 78-90 
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